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  operands[3] = gen_reg_rtx (QImode);  
 
  emit_insn(gen_addqi3 (custom_subword(operands[0], 0, HImode),  
                        custom_subword(operands[1], 0, HImode), 
                        custom_subword(operands[2], 0, HImode) )); 
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  DONE; 
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;;Use this split to turn a neg_tsthi into a cmphi 
(define_split 
 [(set (cc0) 
       (neg (match_operand:HI 0 "general_operand" "g")))] 
 "" 
 [(set (cc0) 
       (compare (const_int 0)  
 (match_operand:HI 0 "general_operand" "g")))] 
 "" ) 
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(define_peephole 
 [(set (match_operand:HI 0 "general_operand" "") 
  (plus:HI (match_operand:HI 1 "general_operand" "") 
           (match_operand:HI 2 "general_operand" "")) ) 
  (set (cc0) 
       (compare (match_dup 0) (match_dup 1)) ) 
  (set (match_operand:VOID 3 "general_operand" "") 
       (ltu:VOID (cc0) (const_int 0)) ) 
  (set (match_dup 3) 
       (plus:HI (match_dup 3) 
                (match_operand:HI 4 "general_operand" "")) ) 
  (set (match_dup 3) 
       (plus:HI (match_dup 3) 
                (match_operand:HI 5 "general_operand" "")) )] 
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 "addhi3 %1 %2 %0 
  \taddchi3 %4 %5 %3" ) 
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;; Peephole to turn 2 movqi's into a single movhi 
(define_peephole2 
 [(set (match_operand:QI 0 "general_operand" "") 
       (match_operand:QI 1 "general_operand" "") ) 
  (set (match_operand:QI 2 "general_operand" "") 
       (match_operand:QI 3 "general_operand" "") )] 
 "custom_check_adjacent(operands[1], operands[3]) 
 && custom_check_adjacent(operands[0], operands[2])" 
 [(set (match_dup 4) (match_dup 5))] 
 "operands[4] = gen_rtx (GET_CODE(operands[0]), HImode, XEXP(operands[0],0)); 
  operands[5] = gen_rtx (GET_CODE(operands[1]), HImode, XEXP(operands[1],0)); ") 
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long int b1 = 1000, b2 = 1000; 
 
long int 
 main (void) 
 { 
   return(b1+b2); 
 } 
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(define_insn "addsi3" 
 [(set (match_operand:SI 0 "register_operand" "=r") 
       (plus:SI (match_operand:SI 1 "register_operand" "r") 
                (match_operand:SI 2 "register_operand" "r")))] 
  "" 
  "addsi3 %1 %2 %0 ;(%1 plus %2)->%0" ) 
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 addsi3 r24 r18 r24 ;(r24 plus r18)->r24 
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 addqi3 r21 r17 r27 ;(r21 plus r17)->r27 
 cmpqi r27 r21 ;(r27-r21)->CC 
 sltu r22  
 addqi3 r20 r16 r26 ;(r20 plus r16)->r26 
 cmpqi r26 r20 ;(r26-r20)->CC 
 sltu r30  
 addqi3 r22 r26 r23 ;(r22 plus r26)->r23 
 cmpqi r23 r26 ;(r23-r26)->CC 
 sltu r22  
 iorqi3 r30 r22 r30 ;(r30 ior r22)->r30 
 movqi r23 r26 ;r23->r26 
 addqi3 r19 r15 r25 ;(r19 plus r15)->r25 
 cmpqi r25 r19 ;(r25-r19)->CC 
 sltu r23  
 addqi3 r30 r25 r30 ;(r30 plus r25)->r30 
 cmpqi r30 r25 ;(r30-r25)->CC 
 sltu r22  
 iorqi3 r23 r22 r23 ;(r23 ior r22)->r23 
 movqi r30 r25 ;r30->r25 
 addqi3 r18 r14 r24 ;(r18 plus r14)->r24 
 addqi3 r23 r24 r24 ;(r23 plus r24)->r24 
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(define_expand "addsi3" 
 [(set (match_operand:SI 0 "register_operand" "=r") 
       (plus:SI (match_operand:SI 1 "register_operand" "g") 
                (match_operand:SI 2 "register_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx (QImode);  
   operands[4] = gen_reg_rtx (HImode); 
 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 0, SImode),  
      custom_subword(operands[1], 0, SImode), 
      custom_subword(operands[2], 0, SImode) )); 
   emit_insn(gen_cmphi ( custom_subword(operands[0], 0, SImode),  
      custom_subword(operands[1], 0, SImode) ));  
   emit_insn(gen_sltu (operands[3])); 
   emit_insn(gen_zero_extendqihi2(operands[4],operands[3])); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
      custom_subword(operands[1], 1, SImode), 
      custom_subword(operands[2], 1, SImode) )); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
      operands[4], 
      custom_subword(operands[0], 1, SImode) )); 
   DONE; 
   }" ) 
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 addhi3 r20 r16 r26 ;(r20 plus r16)->r26 
 cmphi r26 r20 ;(r26-r20)->CC 
 sltu r22  
 zero_extendqihi2 r22 r22 ;zero_extend(r22)->r22 
 addhi3 r18 r14 r24 ;(r18 plus r14)->r24 
 addhi3 r22 r24 r24 ;(r22 plus r24)->r24 
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(define_peephole 
 [(set (match_operand:HI 0 "general_operand" "") 
    (plus:HI (match_operand:HI 1 "general_operand" "") 
             (match_operand:HI 2 "general_operand" "")) ) 
  (set (cc0) 
       (compare (match_dup 0) (match_dup 1)) ) 
  (set (match_operand:QI 3 "general_operand" "") 
       (ltu:QI (cc0) (const_int 0)) )  
  (set (match_operand:HI 4 "general_operand" "") 
       (zero_extend:HI (match_dup 3))) 
  (set (match_operand:HI 5 "general_operand" "") 
       (plus:HI (match_operand:HI 6 "general_operand" "") 
                (match_operand:HI 7 "general_operand" "")) ) 
  (set (match_dup 5) 
       (plus:HI (match_dup 4) 
                (match_dup 5)) )] 
  "" 
  "ph_addhi3 %1 %2 %0 
  \tph_addchi3 %6 %7 %5" ) 
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 ph_addhi3 r20 r16 r26 
 ph_addchi3 r18 r14 r24 
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(define_peephole2 
 [(set (match_operand:HI 0 "general_operand" "") 
    (plus:HI (match_operand:HI 1 "general_operand" "") 
             (match_operand:HI 2 "general_operand" "")) ) 
  (set (cc0) 
       (compare (match_dup 0) (match_dup 1)) ) 
  (set (match_operand:QI 3 "general_operand" "") 
       (ltu:QI (cc0) (const_int 0)) )  
  (set (match_operand:HI 4 "general_operand" "") 
       (zero_extend:HI (match_dup 3))) 
  (set (match_operand:HI 5 "general_operand" "") 
       (plus:HI (match_operand:HI 6 "general_operand" "") 
                (match_operand:HI 7 "general_operand" "")) ) 
  (set (match_dup 5) 
       (plus:HI (match_dup 4) 
                (match_dup 5)) ) ] 
  "" 
 [(set (match_dup 8) 
       (plus:SI (match_dup 9) 
                (match_dup 10)))] 
 "{ 
  operands[8] = gen_rtx (GET_CODE(operands[5]), SImode, XEXP(operands[5],0)); 
  operands[9] = gen_rtx (GET_CODE(operands[6]), SImode, XEXP(operands[6],0)); 
  operands[10] = gen_rtx (GET_CODE(operands[7]), SImode, XEXP(operands[7],0)); 
  }") 
 
;; Need this to match the above peephole2 
(define_insn "alt_addsi3" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (plus:SI (match_operand:SI 1 "general_operand" "g") 
                (match_operand:SI 2 "general_operand" "g")))] 
  "" 
  "alt_addsi3 %1 %2 %0 ;(%1 plus %2)->%0" ) 
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 alt_addsi3 r18 r14 r24 ;(r18 plus r14)->r24 
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(define_expand "addhi3" 
 [(set (match_operand:HI 0 "register_operand" "=r") 
       (plus:HI (match_operand:HI 1 "register_operand" "g") 
                (match_operand:HI 2 "register_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx (QImode);  
 
   emit_insn(gen_addqi3 (custom_subword(operands[0], 0, HImode),  
      custom_subword(operands[1], 0, HImode), 
      custom_subword(operands[2], 0, HImode) )); 
   emit_insn(gen_cmpqi ( custom_subword(operands[0], 0, HImode),  
      custom_subword(operands[1], 0, HImode) ));  
   emit_insn(gen_sltu (operands[3])); 
   emit_insn(gen_addqi3 (custom_subword(operands[0], 1, HImode), 
      custom_subword(operands[1], 1, HImode), 
      custom_subword(operands[2], 1, HImode) )); 
   emit_insn(gen_addqi3 (custom_subword(operands[0], 1, HImode), 
      operands[3], 
      custom_subword(operands[0], 1, HImode) )); 
   DONE; 
   }" ) 
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 addqi3 r21 r17 r27 ;(r21 plus r17)->r27 
 cmpqi r27 r21 ;(r27-r21)->CC 
 sltu r22  
 addqi3 r20 r16 r26 ;(r20 plus r16)->r26 
 addqi3 r22 r26 r26 ;(r22 plus r26)->r26 
 cmphi r26 r20 ;(r26-r20)->CC 
 sltu r22  
 zero_extendqihi2 r22 r22 ;zero_extend(r22)->r22 
 addqi3 r19 r15 r25 ;(r19 plus r15)->r25 
 cmpqi r25 r19 ;(r25-r19)->CC 
 sltu r30  
 addqi3 r18 r14 r24 ;(r18 plus r14)->r24 
 addqi3 r30 r24 r24 ;(r30 plus r24)->r24 
 addqi3 r23 r25 r25 ;(r23 plus r25)->r25 
 cmpqi r25 r23 ;(r25-r23)->CC 
 sltu r18  
 addqi3 r22 r24 r24 ;(r22 plus r24)->r24 
 addqi3 r18 r24 r24 ;(r18 plus r24)->r24 
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 (define_peephole2 
 [(set (match_operand:QI 0 "general_operand" "") 
    (plus:QI (match_operand:QI 1 "general_operand" "") 
             (match_operand:QI 2 "general_operand" "")) ) 
  (set (cc0) 
       (compare (match_dup 0) (match_dup 1)) ) 
  (set (match_operand:QI 3 "general_operand" "") 
       (ltu:QI (cc0) (const_int 0)) )  
  (set (match_operand:QI 4 "general_operand" "") 
       (plus:QI (match_operand:QI 5 "general_operand" "") 
                (match_operand:QI 6 "general_operand" "")) ) 
  (set (match_dup 4) 
       (plus:QI (match_dup 3) 
                (match_dup 4)) ) ] 
  "" 
 [(set (match_dup 7) 
       (plus:HI (match_dup 8) 
                (match_dup 9)))] 
 "{ 
  operands[7] = gen_rtx (GET_CODE(operands[4]), HImode, XEXP(operands[4],0)); 
  operands[8] = gen_rtx (GET_CODE(operands[5]), HImode, XEXP(operands[5],0)); 
  operands[9] = gen_rtx (GET_CODE(operands[6]), HImode, XEXP(operands[6],0)); 
  }") 
   
;; Need this to match the above peephole2 
(define_insn "alt_addhi3" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (plus:HI (match_operand:HI 1 "general_operand" "g") 
                (match_operand:HI 2 "general_operand" "g")))] 
  "" 
  "alt_addhi3 %1 %2 %0 ;(%1 plus %2)->%0" ) 
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 alt_addhi3 r20 r16 r26 ;(r20 plus r16)->r26 
 cmphi r26 r20 ;(r26-r20)->CC 
 sltu r22  
 zero_extendqihi2 r22 r22 ;zero_extend(r22)->r22 
 alt_addhi3 r18 r14 r24 ;(r18 plus r14)->r24 
 alt_addhi3 r22 r24 r24 ;(r22 plus r24)->r24 
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(define_peephole 
 [(set (match_operand:HI 0 "general_operand" "") 
    (plus:HI (match_operand:HI 1 "general_operand" "") 
             (match_operand:HI 2 "general_operand" "")) ) 
  (set (cc0) 
       (compare (match_dup 0) (match_dup 1)) ) 
  (set (match_operand:QI 3 "general_operand" "") 
       (ltu:QI (cc0) (const_int 0)) )  
  (set (match_operand:HI 4 "general_operand" "") 
       (zero_extend:HI (match_dup 3))) 
  (set (match_operand:HI 5 "general_operand" "") 
       (plus:HI (match_operand:HI 6 "general_operand" "") 
                (match_operand:HI 7 "general_operand" "")) ) 
  (set (match_dup 5) 
       (plus:HI (match_dup 4) 
                (match_dup 5)) )] 
  "" 
  "ph_addhi3 %1 %2 %0 
  \tph_addchi3 %6 %7 %5" ) 
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 ph_addhi3 r20 r16 r26 
   ph_addchi3 r18 r14 r24 
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 alt_addhi3 r20 r16 r26 ;(r20 plus r16)->r26 
 cmphi r26 r20 ;(r26-r20)->CC 
 sltu r22  
 zero_extendqihi2 r22 r22 ;zero_extend(r22)->r22 
 alt_addhi3 r18 r14 r24 ;(r18 plus r14)->r24 
 alt_addhi3 r22 r24 r24 ;(r22 plus r24)->r24 
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  if (optimize > 0 && flag_peephole2) 
    { 
      timevar_push (TV_PEEPHOLE2); 
      open_dump_file (DFI_peephole2, decl); 
 
      peephole2_optimize (rtl_dump_file); 
      /* MAH 18/8/05 add a second pass of the peephole optimizer */ 
      peephole2_optimize(rtl_dump_file); 
 
      close_dump_file (DFI_peephole2, print_rtl_with_bb, insns); 
      timevar_pop (TV_PEEPHOLE2); 
 
    } 
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 alt_addsi3 r18 r14 r24 ;(r18 plus r14)->r24 
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#define WORDS_BIG_ENDIAN 
 
typedef unsigned int QItype __attribute__ ((mode (QI))); 
typedef unsigned int HItype __attribute__ ((mode (HI))); 
 
typedef union { 
#ifdef WORDS_BIG_ENDIAN 
  struct {QItype hi; QItype lo;} s; 
#else 
  struct {QItype lo; QItype hi;} s; 
#endif 
  HItype wd; 
} HIunion; 
 
HItype oc_addhi3 (HItype A, HItype B) 
{ 
  HIunion Z; 
  Z.s.lo = ((HIunion)A).s.lo + ((HIunion)B).s.lo; 
  Z.s.hi = (Z.s.lo < ((HIunion)A).s.lo); 
  Z.s.hi = Z.s.hi + ((HIunion)A).s.hi; 
  Z.s.hi = Z.s.hi + ((HIunion)B).s.hi; 
  return Z.wd; 
} 
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#define WORDS_BIG_ENDIAN 
 
typedef unsigned int QItype __attribute__ ((mode (QI))); 
typedef unsigned int HItype __attribute__ ((mode (HI))); 
 
typedef union { 
#ifdef WORDS_BIG_ENDIAN 
  struct {QItype hi; QItype lo;} s; 
#else 
  struct {QItype lo; QItype hi;} s; 
#endif 
  HItype wd; 
} HIunion; 
 
HItype oc2_addhi3 (HItype A, HItype B) 
{ 
  HIunion Z; 
  Z.s.lo = ((HIunion)A).s.lo + ((HIunion)B).s.lo; 
  if (Z.s.lo < ((HIunion)A).s.lo) 
    Z.s.hi = ((HIunion)A).s.hi + ((HIunion)B).s.hi + 1; 
  else 
    Z.s.hi = ((HIunion)A).s.hi + ((HIunion)B).s.hi; 
  return Z.wd; 
} 
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oc_addhi3: 
/* prologue: frame size=0 */ 
/* prologue end (size=0) */ 
 movhi r22 r20 ;r22->r20 
 addqi3 r25 r21 r19 ;(r25 plus r21)->r19 
 cmpqi r19 r25 ;(r19-r25)->CC 
 sltu r18  
 addqi3 r18 r24 r18 ;(r18 plus r24)->r18 
 addqi3 r18 r22 r18 ;(r18 plus r22)->r18 
 zero_extendhisi2 r18 r24 ;zero_extend(r18)->r24 
 movsi r24 r22 ;r24->r22 
/* epilogue: frame size=0 */ 
 return 
/* epilogue end (size=1) */ 
/* function oc_addhi3 size 17 (16) */ 
 .size oc_addhi3, .-oc_addhi3 
.global oc2_addhi3 
 .type oc2_addhi3, @function 
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.global oc2_addhi3 
 .type oc2_addhi3, @function 
oc2_addhi3: 
/* prologue: frame size=0 */ 
/* prologue end (size=0) */ 
 addqi3 r25 r23 r19 ;(r25 plus r23)->r19 
 cmpqi r19 r25 ;(r19-r25)->CC 
 bgeu .L3  
 addqi3 r24 r22 r24 ;(r24 plus r22)->r24 
 addqi3 r24 #1 r18 ;(r24 plus #1)->r18 
 jump .L4  
.L3: 
 addqi3 r24 r22 r18 ;(r24 plus r22)->r18 
.L4: 
 zero_extendhisi2 r18 r24 ;zero_extend(r18)->r24 
 movsi r24 r22 ;r24->r22 
/* epilogue: frame size=0 */ 
 return 
/* epilogue end (size=1) */ 
/* function oc2_addhi3 size 19 (18) */ 
 .size oc2_addhi3, .-oc2_addhi3 
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rtx 
gen_movqi (operand0, operand1) 
     rtx operand0; 
     rtx operand1; 
{ 
  return (gen_rtx_SET (VOIDmode, 
    operand0, 
    operand1)); 
} 
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rtx 
gen_movqi (operand0, operand1) 
     rtx operand0; 
     rtx operand1; 
{ 
  rtx _me; 
  creator = 2; 
  _me = gen_rtx_SET (VOIDmode, 
 operand0, 
 operand1); 
  INSN_CREATOR(_me) = 2; 
  return _me; 
} 
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addhi3 called using mode HI 
movhi called using mode HI 
movhi called using mode HI 
movhi called using mode HI 
tsthi called using mode HI 
bgt called using mode VOID 
jump called using mode VOID 
movhi called using mode HI 
addhi3 called using mode HI 
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HI              ashlhi3 has been called     1 times ( 0.2320%) 
HI               neghi2 has been called     1 times ( 0.2320%) 
HI     zero_extendqihi2 has been called     2 times ( 0.4640%) 
HI               *dummy has been called     3 times ( 0.6961%) 
HI          extendqihi2 has been called     3 times ( 0.6961%) 
HI               iorhi3 has been called     3 times ( 0.6961%) 
HI                 call has been called     4 times ( 0.9281%) 
HI               subhi3 has been called     5 times ( 1.1601%) 
HI              ashrhi3 has been called     7 times ( 1.6241%) 
HI                cmphi has been called     7 times ( 1.6241%) 
HI               andhi3 has been called     8 times ( 1.8561%) 
HI                tsthi has been called    15 times ( 3.4803%) 
HI               addhi3 has been called    40 times ( 9.2807%) 
HI                movhi has been called   261 times (60.5568%) 
QI               andqi3 has been called     1 times ( 0.2320%) 
QI                  seq has been called     2 times ( 0.4640%) 
QI                tstqi has been called     2 times ( 0.4640%) 
QI               iorqi3 has been called     3 times ( 0.6961%) 
QI                movqi has been called    15 times ( 3.4803%) 
VOID                  bne has been called     1 times ( 0.2320%) 
VOID                  bge has been called     3 times ( 0.6961%) 
VOID                  bgt has been called     3 times ( 0.6961%) 
VOID                  ble has been called     3 times ( 0.6961%) 
VOID                  blt has been called     4 times ( 0.9281%) 
VOID           call_value has been called     5 times ( 1.1601%) 
VOID                  beq has been called     8 times ( 1.8561%) 
VOID                 jump has been called    21 times ( 4.8724%) 
================================================= 
27 unique insns used across 431 total insns called. 
:?<



      : ?<  (*   /   

 

!



I$
<6	4$+56	' movhi
5)J      !   	    &/   
 A  

	&/ 5$	0 $	 	.%	'	@'%	 & 	
!  . 

 	   &  / 	  

  
 / 	 	 G   
	  
	/.
//
H&>/

!
	/
	/
&/		0

 / 
       
	   
	
	
  
 !0   
/"!,


/    "!, 
 !      "!,  
/    
	

/	
/&
	
<<
    
  /  
   / 

 
  
	  /  
 
   "!, 
   

	.

	
(define_insn "movqi" 
 [(set (match_operand:QI 0 "general_operand" "=g") 
       (match_operand:QI 1 "general_operand" "g"))] 
  "" 
  "movqi %1 %0 ;%1->%0" ) 
:?C.

&
/


!

	0&2
!	  &/$	& $ '	 	0	 &/	'		 	'',	
!   
 & 9&	
& 

   # 
   
  /   
	9
9

&

9
9
	
	./	9
 
        .
  
/	
	
(	 /0 	 /&8 '		)	$$	
!
B  
	

 !   0
  

 
	      /  	 
 

B
-	 ''&),	 $	'	7$	 		 &/	'  	
9&
/
& 
	/&	
!/
*	  	  %=/ %	 $		)	$$		0	'	 	
!
!


	
	
!&
/

F
/

&
1	 ''&),	 $	 & 		)	'$	 	$,&	,''	
The assembly 
opcode has 
the same name 
as the insn. 
<C
!/	.	

&
	
0


&


	/	0

	5''	
,&	,''	


& 

/
/$&

&
       . .   /     
#/	/
	.


/
&	.
'	 
   
    &
   
.
	



9& 
&&
0&
   
   / 	  &  /  	 
  

/&.

	
@'%	gcov	 	.	$,&	'	'%	&'	

/9&gcov!
 
	
	9/
2
gcc –fprofile-arcs –ftest-coverage [additional_options] sourcefile.c 
:@)
/gcov
!   
       > 	G   

	 !/
/
/	sourcefile.bbsourcefile.bbg!.bb
 / 
	
  	 	0@    !.bbg      
 /  	
	0
		0
8   
   	 
 /    	&     
    / 
 
     
  .  

 
@		0	
C)
&..da&		&0
gcov /

2
gcov [options] sourcefile.c 
:@+$&0gcov
Gcov//..gcov
/
	
	
/.2
      256:  239:        vpdiff = step >> 3; 
      256:  240:        if (delta & 4) 
       66:  241:            vpdiff += step; 
      256:  242:        if (delta & 2) 
      102:  243:            vpdiff += step >> 1; 
      256:  244:        if (delta & 1) 
      149:  245:            vpdiff += step >> 2; 
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 240:/ADPCM_Verified.c **** if (delta & 4) 
 1395   .stabn 68,0,240,.LM74-adpcm_decoder 
 1396  .LM74: 
 1397   andhi3 (r28+#15) #4 r24 ;((r28+#15) and #4)->r24 
 1398   tsthi r24 ;tst(r24)->CC 
 1399   beq .L63  
 241:/ADPCM_Verified.c ****  vpdiff += step; 
 1400   .stabn 68,0,241,.LM75-adpcm_decoder 
 1401  .LM75: 
 1402 ???? 0000  movqi (r28+#25) (r28+#64) ;(r28+#25)->(r28+#64) 
 1403 ???? 0000  movqi (r28+#26) (r28+#65) ;(r28+#26)->(r28+#65) 
 1404 ???? 0000  movqi (r28+#27) (r28+#66) ;(r28+#27)->(r28+#66) 
 1405 ???? 0000  movqi (r28+#28) (r28+#67) ;(r28+#28)->(r28+#67) 
 1406 ???? 0000  movqi (r28+#17) (r28+#68) ;(r28+#17)->(r28+#68) 
 1407 ???? 0000  movqi (r28+#18) (r28+#69) ;(r28+#18)->(r28+#69) 
 1408 ???? 0000  movqi (r28+#19) (r28+#70) ;(r28+#19)->(r28+#70) 
 1409 ???? 0000  movqi (r28+#20) (r28+#71) ;(r28+#20)->(r28+#71) 
 1410   addqi3 (r28+#67) (r28+#71) (r28+#75) ;((r28+#67) plus (r28+#71))->(r28+#75) 
 1411 ???? 0000  movqi #1 (r28+#76) ;#1->(r28+#76) 
 1412   cmpqi (r28+#75) (r28+#67) ;((r28+#75)-(r28+#67))->CC 
 1413   bltu .L64  
 1414 ???? 0000  movqi #0 (r28+#76) ;#0->(r28+#76) 
 1415  .L64: 
 1416   addqi3 (r28+#66) (r28+#70) (r28+#74) ;((r28+#66) plus (r28+#70))->(r28+#74) 
 1417 ???? 0000  movqi #1 (r28+#77) ;#1->(r28+#77) 
 1418   cmpqi (r28+#74) (r28+#66) ;((r28+#74)-(r28+#66))->CC 
 1419   bltu .L65  
 1420 ???? 0000  movqi #0 (r28+#77) ;#0->(r28+#77) 
 1421  .L65: 
 1422   addqi3 (r28+#76) (r28+#74) (r28+#78) ;((r28+#76) plus (r28+#74))->(r28+#78) 
 1423 ???? 0000  movqi #1 (r28+#79) ;#1->(r28+#79) 
 1424   cmpqi (r28+#78) (r28+#74) ;((r28+#78)-(r28+#74))->CC 
 1425   bltu .L66  
 1426 ???? 0000  movqi #0 (r28+#79) ;#0->(r28+#79) 
 1427  .L66: 
 1428   iorqi3 (r28+#77) (r28+#79) (r28+#77) ;((r28+#77) ior (r28+#79))->(r28+#77) 
 1429 ???? 0000  movqi (r28+#78) (r28+#74) ;(r28+#78)->(r28+#74) 
 1430   addqi3 (r28+#65) (r28+#69) (r28+#73) ;((r28+#65) plus (r28+#69))->(r28+#73) 
 1431 ???? 0000  movqi #1 (r28+#80) ;#1->(r28+#80) 
 1432   cmpqi (r28+#73) (r28+#65) ;((r28+#73)-(r28+#65))->CC 
 1433   bltu .L67  
 1434 ???? 0000  movqi #0 (r28+#80) ;#0->(r28+#80) 
 1435  .L67: 
 1436   addqi3 (r28+#77) (r28+#73) (r28+#81) ;((r28+#77) plus (r28+#73))->(r28+#81) 
 1437 ???? 0000  movqi #1 (r28+#82) ;#1->(r28+#82) 
 1438   cmpqi (r28+#81) (r28+#73) ;((r28+#81)-(r28+#73))->CC 
 1439   bltu .L68  
 1440 ???? 0000  movqi #0 (r28+#82) ;#0->(r28+#82) 
 1441  .L68: 
 1442   iorqi3 (r28+#80) (r28+#82) (r28+#80) ;((r28+#80) ior (r28+#82))->(r28+#80) 
 1443 ???? 0000  movqi (r28+#81) (r28+#73) ;(r28+#81)->(r28+#73) 
 1444   addqi3 (r28+#64) (r28+#68) (r28+#72) ;((r28+#64) plus (r28+#68))->(r28+#72) 
 1445   addqi3 (r28+#80) (r28+#72) r24 ;((r28+#80) plus (r28+#72))->r24 
 1446 ???? 0000  movqi r24 (r28+#72) ;r24->(r28+#72) 
 1447 ???? 0000  movqi (r28+#72) (r28+#25) ;(r28+#72)->(r28+#25) 
 1448 ???? 0000  movqi (r28+#73) (r28+#26) ;(r28+#73)->(r28+#26) 
 1449 ???? 0000  movqi (r28+#74) (r28+#27) ;(r28+#74)->(r28+#27) 
 1450 ???? 0000  movqi (r28+#75) (r28+#28) ;(r28+#75)->(r28+#28) 
 1451  .L63: 
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Opcode Usage Statistics: 
Opcode Static Dynamic 
---------------------------- 
addhi3 58 8455 
addqi3 5 1024 
andhi3 9 2048 
andqi3 3 512 
ashlhi3 2 256 
ashrhi3 6 1275 
ashrqi3 5 642 
beq 10 2305 
bge 5 1280 
bgt 2 514 
ble 5 1281 
blt 3 768 
bne 1 1 
call 2 2 
cmphi 48 9864 
cmpqi 16 3585 
iorhi3 11 2427 
iorqi3 1 128 
jump 15 2180 
lshrhi3 1 128 
movhi 83 5870 
movqi 105 12840 
pophi 2 2 
pushhi 2 2 
return 2 2 
seq 2 512 
sgt 17 2946 
sgtu 7 1792 
sltu 12 2050 
subhi3 24 4394 
 
Insns: 30, Static: 464, Dynamic: 69085 
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 343:/ADPCM_Verified.c ****     while (i < DATASIZE) 
 1274                 .stabn 68,0,343,.LM111-main 
 1275                .LM111: 
 1276                .L47: 
 1277                 cmphi (r28+#1) #255 ;((r28+#1)-#255)->CC 
 1278                 ble .L49  
 1279                 jump .L39  
 1280                .L49: 
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      257:  343:    while (i < DATASIZE) 
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      257:  317:    while (1) 
        -:  318:      { 
      257:  319: if (i >= DATASIZE) 
        1:  320:   break; 
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 317:/ADPCM_Verified.c ****     while (1) 
 318:/ADPCM_Verified.c ****       { 
 319:/ADPCM_Verified.c ****  if (i >= DATASIZE) 
 1232                 .stabn 68,0,319,.LM102-main 
 1233                .LM102: 
 1234                 cmphi (r28+#1) #255 ;((r28+#1)-#255)->CC 
 1235                 ble .L43  
 320:/ADPCM_Verified.c ****    break; 
 1236                 .stabn 68,0,320,.LM103-main 
 1237                .LM103: 
 1238                 jump .L41  
 1239                .L43: 
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      513:  109:    for (; len > 0; len--) 
        -:  110:    { 
      256:  111:        val = * inp++; 
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 109:/../DynamicAnalysis/ADPCM_Verified.c ****     for (; len > 0; len--) 
 741                .stabn 68,0,109,.LM8-adpcm_coder 
 742               .LM8: 
 743               .L2: 
 744                cmphi (r28+#5) #0 ;((r28+#5)-#0)->CC 
 745                bgt .L5  
 746                jump .L3 
 747               .L5: 
  
 ...      ... 
  
 992                .stabn 68,0,109,.LM47-adpcm_coder 
 993               .LM47: 
 994                addhi3 (r28+#5) #-1 (r28+#5) ;((r28+#5) plus #-1)->(r28+#5) 
 995                jump .L2 
 996               .L3:  
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        -:  110:      //    for (; len > 0; len--) 
      257:  111:    while (1) 
        -:  112:    { 
      257:  113:      if (len <= 0) 
        1:  114: break; 
        -:  115: 
      256:  116:        val = * inp++; 
      ...:  ...     ... 
        -:  198: 
      256:  199: len--; 
        -:  200:    } 
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 115:/../ADPCM_Verified.c ****        sign = (diff < 0) ? 8: 0; 
 760                 .stabn 68,0,115,.LM11-adpcm_coder 
 761                .LM11: 
 762                 cmphi (r28+#18) #0 ;((r28+#18)-#0)->CC 
 763                 bge .L6  
 764 ???? 0000        movqi #8 (r28+#43) ;#8->(r28+#43) 
 765                 jump .L7  
 766                .L6: 
 767 ???? 0000        movqi #0 (r28+#43) ;#0->(r28+#43) 
 768                .L7: 
 769 ???? 0000        movqi (r28+#43) (r28+#15) ;(r28+#43)->(r28+#15) 
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Opcode Usage Statistics: 
Opcode Static Dynamic 
---------------------------- 
addhi3 26 3711 
addqi3 2 512 
addsi3 6 770 
andhi3 3 512 
andqi3 3 512 
andsi3 3 768 
ashlsi3 1 128 
ashrhi3 6 1275 
ashrqi3 5 642 
beq 10 2305 
bge 5 1280 
bgt 2 514 
ble 5 1281 
blt 3 768 
bne 1 1 
call 2 2 
cmphi 4 1025 
cmpqi 3 768 
cmpsi 4 1024 
extendhisi2 14 2434 
extendqihi2 3 512 
iorhi3 3 507 
iorqi3 1 128 
jump 15 1412 
movhi 54 2664 
movqi 48 2848 
movsi 8 514 
neghi2 1 128 
pophi 2 2 
pushhi 2 2 
return 2 2 
seq 2 512 
subhi3 5 426 
subsi3 2 256 
tsthi 4 771 
tstqi 10 2305 
tstsi 3 768 
zero_extendqihi2 1 256 
 
Insns: 38, Static: 274, Dynamic: 34245 
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(define_expand "ashlsi3" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (ashift:SI (match_operand:SI 1 "general_operand" "g") 
                (match_operand:SI 2 "general_operand" "g")))] 
  "" 
  "{ 
   int ShiftVal = INTVAL(operands[2]); 
   int RS_Val; 
 
   if (ShiftVal >= 16) 
      { 
      emit_insn(gen_movhi(custom_subword(operands[0], 0, SImode), const0_rtx)); 
      ShiftVal -= 16; 
      if (ShiftVal >= 16) 
         { 
         emit_insn(gen_movhi(custom_subword(operands[0], 1, SImode), const0_rtx)); 
         } 
      else 
         { 
         emit_insn(gen_ashlhi3(custom_subword(operands[0], 1, SImode), 
                               custom_subword(operands[1], 0, SImode), 
                               GEN_INT(ShiftVal) )); 
         } 
      } 
   else 
      { 
      RS_Val = 16 - ShiftVal;    
      /* Shift LIFT the HIGH word by the SHIFT amount (op[2]) */ 
      /*  Put the result into the HIGH word of the result operand */ 
      emit_insn(gen_ashlhi3(custom_subword(operands[0], 1, SImode), 
                            custom_subword(operands[1], 1, SImode), 
                            operands[2]) ); 
 
      /* Shift RIGHT the LOW word by 16 - SHIFT amount */ 
      /*  Temporarily put the result into the LOW word of the result operands */ 
      emit_insn(gen_lshrhi3(custom_subword(operands[0], 0, SImode), 
                            custom_subword(operands[1], 0, SImode), 
                            GEN_INT(RS_Val) )); 
 
      /* OR the temp result with the HIGH WORD operand */ 
      emit_insn(gen_iorhi3(custom_subword(operands[0], 1, SImode), 
                           custom_subword(operands[0], 1, SImode), 
                           custom_subword(operands[0], 0, SImode) )); 
 
      /* Finally LEFT SHIFT the LOW word and place into LOW result operand */ 
      emit_insn(gen_ashlhi3(custom_subword(operands[0], 0, SImode), 
                            custom_subword(operands[1], 0, SImode), 
                            operands[2]) ); 
      } 
   DONE; 
   }" ) 
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Opcode Usage Statistics: 
Opcode Static Dynamic 
---------------------------- 
extendhisi2 14 2434 
cmpsi 4 1024 
addsi3 6 770 
andsi3 3 768 
tstsi 3 768 
movsi 8 514 
subsi3 2 256 
ashlsi3 1 128 
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(define_expand "extendhisi2" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (sign_extend:SI (match_operand:HI 1 "general_operand" "g")))] 
  "" 
  "{ 
   operands[2] = gen_reg_rtx (HImode);  
   operands[3] = gen_reg_rtx (QImode); 
  
   emit_insn(gen_movhi(custom_subword(operands[0], 0, SImode), operands[1])); 
   emit_insn(gen_tsthi(operands[1])); 
   emit_insn(gen_sge (operands[3])); 
   emit_insn(gen_zero_extendqihi2(operands[2],operands[3])); 
   emit_insn(gen_addhi3(custom_subword(operands[0], 1, SImode), 
                        constm1_rtx, 
                        operands[2] )); 
   DONE;    
  }" ) 
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 (define_expand "movsi" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (match_operand:SI 1 "general_operand" "g") ) ] 
  "" 
  "{ 
   emit_insn (gen_movhi(custom_subword(operands[0], 0, SImode), 
   custom_subword(operands[1], 0, SImode)));    
   emit_insn (gen_movhi(custom_subword(operands[0], 1, SImode), 
   custom_subword(operands[1], 1, SImode)));    
   DONE; 
   }" )
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define_expand "addsi3" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (plus:SI (match_operand:SI 1 "general_operand" "g") 
                (match_operand:SI 2 "general_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx (HImode);  
   operands[4] = gen_reg_rtx (QImode); 
 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 0, SImode),  
                         custom_subword(operands[1], 0, SImode), 
                         custom_subword(operands[2], 0, SImode) )); 
   emit_insn(gen_sltu (operands[4])); 
   emit_insn(gen_zero_extendqihi2(operands[3],operands[4])); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[1], 1, SImode), 
                         custom_subword(operands[2], 1, SImode) )); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
                         operands[3], 
                         custom_subword(operands[0], 1, SImode) )); 
   DONE; 
   }" ) 
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(define_expand "tstsi" 
 [(set (cc0) 
       (match_operand:SI 0 "general_operand" "g"))] 
  "" 
  "{ 
   operands[1] = gen_reg_rtx(HImode); 
   
   emit_insn(gen_tsthi(custom_subword(operands[0], 0, SImode))); 
   emit_insn(gen_sgtu(custom_subword(operands[1], 0, HImode))); 
   emit_insn(gen_movqi(custom_subword(operands[1], 1, HImode), const0_rtx)); 
   emit_insn(gen_iorhi3(operands[1], 
                        operands[1], 
                        custom_subword(operands[0], 1, SImode))); 
   emit_insn(gen_tsthi(operands[1])); 
   DONE; 
   }" ) 
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(define_expand "subsi3" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (minus:SI (match_operand:SI 1 "general_operand" "g") 
                 (match_operand:SI 2 "general_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx(HImode); 
   emit_insn(gen_subhi3 (custom_subword(operands[0], 0, SImode),  
                         custom_subword(operands[1], 0, SImode), 
                         custom_subword(operands[2], 0, SImode) )); 
   emit_insn(gen_sltu (custom_subword(operands[3], 0, HImode))); 
   emit_insn(gen_movqi (custom_subword(operands[3], 1, HImode), const0_rtx)); 
   emit_insn(gen_subhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[1], 1, SImode), 
                         custom_subword(operands[2], 1, SImode) )); 
   emit_insn(gen_subhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[0], 1, SImode), 
                         operands[3] )); 
   DONE; 
   }" ) 
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(define_expand "cmpsi" 
 [(set (cc0) 
       (compare (match_operand:SI 0 "general_operand" "g") 
                (match_operand:SI 1 "general_operand" "g")))] 
  "" 
  "{ 
   operands[2] = gen_reg_rtx(SImode); 
   emit_insn(gen_subsi3(operands[2],operands[0],operands[1])); 
   emit_insn(gen_tstsi(operands[2])); 
   DONE; 
   }" ) 
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(define_expand "andsi3" 
 [(set (match_operand:SI 0 "general_operand" "=g") 
       (and:SI (match_operand:SI 1 "general_operand" "g") 
               (match_operand:SI 2 "general_operand" "g")))] 
  "" 
  "{ 
   emit_insn(gen_andhi3 (custom_subword(operands[0], 0, SImode),  
                         custom_subword(operands[1], 0, SImode), 
                         custom_subword(operands[2], 0, SImode) )); 
   emit_insn(gen_andhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[1], 1, SImode), 
                         custom_subword(operands[2], 1, SImode) )); 
   DONE; 
   }" ) 
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Opcode Usage Statistics: 
Opcode Static Dynamic 
---------------------------- 
addhi3 44 6021 
addqi3 2 512 
andhi3 9 2048 
andqi3 3 512 
ashlhi3 2 256 
ashrhi3 20 3709 
ashrqi3 5 642 
beq 10 2305 
bge 5 1280 
bgt 2 514 
ble 5 1281 
blt 3 768 
bne 1 1 
call 2 2 
cmphi 4 1025 
cmpqi 3 768 
extendqihi2 3 512 
iorhi3 11 2427 
iorqi3 1 128 
jump 15 1412 
lshrhi3 1 128 
movhi 86 6128 
movqi 89 10788 
neghi2 1 128 
pophi 2 2 
pushhi 2 2 
return 2 2 
seq 2 512 
sgtu 7 1792 
sltu 12 2050 
subhi3 23 4266 
tsthi 18 4355 
tstqi 10 2305 
zero_extendqihi2 7 1026 
 
Insns: 34, Static: 412, Dynamic: 59607 
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(define_expand "tsthi" 
 [(set (cc0) 
       (match_operand:HI 0 "general_operand" "g"))] 
  "" 
  "{ 
   emit_insn(gen_cmphi(operands[0], const0_rtx)); 
   DONE; 
  }" ) 
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(define_expand "tstqi" 
 [(set (cc0) 
       (match_operand:QI 0 "general_operand" "g"))] 
  "" 
  "{ 
   emit_insn(gen_cmpqi(operands[0], const0_rtx)); 
   DONE; 
  }" ) 
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 (define_expand "neghi2" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (neg:HI (match_operand:HI 1 "general_operand" "g")))] 
  "" 
  "{ 
   emit_insn(gen_subhi3(operands[0],const0_rtx, operands[1])); 
   DONE; 
   }" ) 
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(define_expand "zero_extendqihi2" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (zero_extend:HI (match_operand:QI 1 "general_operand" "g")))] 
  "" 
  "{ 
   emit_insn(gen_movqi(custom_subword(operands[0], 0, HImode), operands[1])); 
   emit_insn(gen_movqi(custom_subword(operands[0], 1, HImode), const0_rtx)); 
   DONE; 
   }" ) 
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(define_expand "extendqihi2" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (sign_extend:HI (match_operand:QI 1 "general_operand" "g")))] 
  "" 
  "{ 
   operands[2] = gen_reg_rtx (QImode); 
   
   emit_insn(gen_movqi(custom_subword(operands[0], 0, HImode), operands[1])); 
   emit_insn(gen_tstqi(operands[1])); 
   emit_insn(gen_sge (operands[2])); 
   emit_insn(gen_addqi3(custom_subword(operands[0], 1, HImode), 
                        constm1_rtx, 
                        operands[2] )); 
   DONE;    
  }" ) 
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Opcode Usage Statistics: 
Opcode Static Dynamic 
---------------------------- 
addhi3 44 6021 
addqi3 5 1024 
andhi3 9 2048 
andqi3 3 512 
ashlhi3 2 256 
ashrhi3 20 3709 
ashrqi3 5 642 
beq 10 2305 
bge 5 1280 
bgt 2 514 
ble 5 1281 
blt 3 768 
bne 1 1 
call 2 2 
cmphi 22 5380 
cmpqi 16 3585 
iorhi3 11 2427 
iorqi3 1 128 
jump 15 1412 
lshrhi3 1 128 
movhi 86 6128 
movqi 106 13352 
pophi 2 2 
pushhi 2 2 
return 2 2 
seq 2 512 
sge 3 512 
sgtu 7 1792 
sltu 12 2050 
subhi3 24 4394 
 
Insns: 30, Static: 428, Dynamic: 62169 
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(define_expand "andhi3" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (and:HI (match_operand:HI 1 "general_operand" "g") 
               (match_operand:HI 2 "general_operand" "g")))] 
  "" 
  "{ 
   emit_insn(gen_andqi3 (custom_subword(operands[0], 0, HImode),  
                         custom_subword(operands[1], 0, HImode), 
                         custom_subword(operands[2], 0, HImode) )); 
   emit_insn(gen_andqi3 (custom_subword(operands[0], 1, HImode), 
                         custom_subword(operands[1], 1, HImode), 
                         custom_subword(operands[2], 1, HImode) )); 
   DONE; 
   }" ) 
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(define_expand "iorhi3" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (ior:HI (match_operand:HI 1 "general_operand" "g") 
               (match_operand:HI 2 "general_operand" "g")))] 
  "" 
  "{ 
   emit_insn(gen_iorqi3 (custom_subword(operands[0], 0, HImode),  
                         custom_subword(operands[1], 0, HImode), 
                         custom_subword(operands[2], 0, HImode) )); 
   emit_insn(gen_iorqi3 (custom_subword(operands[0], 1, HImode), 
                         custom_subword(operands[1], 1, HImode), 
                         custom_subword(operands[2], 1, HImode) )); 
   DONE; 
   }" ) 
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(define_expand "movhi" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (match_operand:HI 1 "general_operand" "g") ) ] 
  "" 
  "{ 
   emit_insn (gen_movqi(custom_subword(operands[0], 0, HImode), 
                        custom_subword(operands[1], 0, HImode))); 
   emit_insn (gen_movqi(custom_subword(operands[0], 1, HImode), 
                        custom_subword(operands[1], 1, HImode)));    
   DONE; 
   }" ) 
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(define_expand "subhi3" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (minus:HI (match_operand:HI 1 "general_operand" "g") 
                 (match_operand:HI 2 "general_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx (QImode); 
 
   emit_insn(gen_subqi3 (custom_subword(operands[0], 0, HImode),  
                         custom_subword(operands[1], 0, HImode), 
                         custom_subword(operands[2], 0, HImode) )); 
   emit_insn(gen_sltu (operands[3])); 
   emit_insn(gen_subqi3 (custom_subword(operands[0], 1, HImode), 
                         custom_subword(operands[1], 1, HImode), 
                         custom_subword(operands[2], 1, HImode) )); 
   emit_insn(gen_subqi3 (custom_subword(operands[0], 1, HImode), 
                         custom_subword(operands[0], 1, HImode), 
                         operands[3] )); 
   DONE; 
   }" ) 
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(define_expand "addhi3" 
 [(set (match_operand:HI 0 "general_operand" "=g") 
       (plus:HI (match_operand:HI 1 "general_operand" "g") 
                (match_operand:HI 2 "general_operand" "g")))] 
  "" 
  "{ 
   operands[3] = gen_reg_rtx (HImode);  
   operands[4] = gen_reg_rtx (QImode); 
 
   emit_insn(gen_addqi3 (custom_subword(operands[0], 0, SImode),  
                         custom_subword(operands[1], 0, SImode), 
                         custom_subword(operands[2], 0, SImode) )); 
   emit_insn(gen_sltu (custom_subword(operands[0], 1, HImode))); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[1], 1, SImode) )); 
   emit_insn(gen_addhi3 (custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[0], 1, SImode), 
                         custom_subword(operands[2], 1, SImode) )); 
   DONE; 
   }" ) 
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(define_expand "cmphi" 
 [(set (cc0) 
       (compare (match_operand:HI 0 "general_operand" "g") 
                (match_operand:HI 1 "general_operand" "g")))] 
  "" 
  "{ 
   operands[2] = gen_reg_rtx(HImode); 
   emit_insn(gen_subhi3(operands[2],operands[0],operands[1])); 
   emit_insn(gen_tsthi(operands[2])); 
   DONE; 
   }" ) 
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(define_expand "tsthi" 
 [(set (cc0) 
       (match_operand:HI 0 "general_operand" "g"))] 
  "" 
  "{ 
   operands[1] = gen_reg_rtx(QImode); 
   emit_insn(gen_tstqi(custom_subword(operands[0], 0, HImode))); 
   emit_insn(gen_sgtu(operands[1])); 
   emit_insn(gen_iorqi3(operands[1], 
                        operands[1], 
                        custom_subword(operands[0], 1, HImode))); 
   emit_insn(gen_tstqi(operands[1])); 
   DONE; 
  }" ) 
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 .file "ADPCM_Verified.c" 
 .arch custom2 
 .global __do_copy_data 
 .global __do_clear_bss 
.global __time 
.global __time 
 .section .bss 
 .type __time, @object 
 .size __time, 2 
__time: 
 .skip 2,0 
.global RefPCMdata 
 … 
 
 .file "ADPCM_Verified.c" 
 .arch custom2 
 
 .org 0 
 jump main 
  
; .global __do_copy_data 
; .global __do_clear_bss 
;.global __time 
;.global __time 
; .section .bss 
; .type __time, @object 
; .size __time, 2 
;__time: 
; .skip 2,0 
.global RefPCMdata 
 … 
… 
main: 
/* prologue: frame size=4 */ 
 movhi (__stack - 4) r28 
 movhi r28 {__SP__} 
/* prologue end (size=7) */ 
… 
… 
main: 
/* prologue: frame size=4 */ 
; movhi (__stack - 4) r28 
 movhi #0xFFFB r28 
 movhi r28 {__SP__} 
/* prologue end (size=7) */ 
… 
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Addr[5..0]
clk
Din[7..0]
Dout[7..0]
WrEnable
VHDLENTITY: GPRegs
SPinc
SP[15..0]
SPdec
U_GPRegs
GPRegs.vhd
MemAddr[15..0]
MemDout[7..0]
MemDin[7..0]
TEST_BUTTON
CLK_BRD
WrMem
reset
clk
MemAddr[15..0]
MemDout[7..0]
MemDin[7..0]
WrMem
Op1[15..0]
Op2[15..0]
Result[15..0]
AluCmnd[4..0]
RegAddr[5..0]
RegDin[7..0]RegDout[7..0]
WrReg
VHDLEntity: Sequencer
CondCodes[3..0]
SP[15..0]
SPdec
SPinc
ALUMode[1..0]
U_Seq
Sequencer_20060808_2351.vhd
reset
clk
clk
Op1[15..0]
Op2[15..0]
Result[15..0]
AluCmnd[4..0]
CondCodes[3..0]
VHDLEntity: ALU
ALUMode[1..0]
U_ALU
ALU.vhdSPdec
SPinc
SPdec
SPinc
SP[15..0]
   Program ROM / RAM
   Reset / Clock Control
VHDL Testbench
Processor Register Set
Processor Core
Arithmetic Logic Unit (ALU)
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4-Input LUT Usage of Processor Cores
on a Xilinx Spartan3 FPGA
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/* 
** ADPCM - Test timing on adpcm coder and decoder. 
** 
** The program runs the ADPCM compressor and decompressor on a reference dataset 
** and compares the result with a second reference dataset to determine any  
** processing errors. 
*/ 
 
#define DATASIZE 256 /* Data block size */ 
 
typedef char word8; 
typedef unsigned char uword8; 
typedef short word16; 
typedef unsigned short uword16; 
typedef int word32; 
typedef unsigned int uword32; 
 
word16 __time = 0; 
 
 
struct adpcm_state { 
    word16 valprev; /* Previous output value */ 
    word8 index;   /* Index into stepsize table */ 
}; 
 
void adpcm_coder(word8 indata[], word8 outdata[], word16 len, struct adpcm_state* 
state); 
void adpcm_decoder(word8 indata[], word8 outdata[], word16 len, struct adpcm_state* 
state); 
 
word8 RefPCMdata[] = 
{ 
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38, 
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38, 
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38,  
0, 38, 70, 92, 99, 92, 70, 38, 0, -38, -70, -92, -100, -92, -70, -38 
}; 
 
word8 RefPCMdata_2[] = 
{ 
0, 11, 41, 96, 103, 97, 66, 39, 4, -37, -75, -90, -103, -91, -73, -35,  
0, 41, 68, 93, 97, 93, 68, 37, -1, -36, -67, -96, -99, -89, -68, -38,  
0, 35, 66, 95, 98, 95, 67, 42, -3, -34, -72, -97, -101, -89, -71, -40,  
-2, 33, 74, 90, 95, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35,  
-4, 42, 73, 89, 104, 91, 70, 36, 5, -41, -72, -88, -103, -90, -69, -35 
+@(
}; 
 
word8 adpcmdata[DATASIZE / 2]; 
word8 pcmdata_2[DATASIZE]; 
 
struct adpcm_state coder_1_state, coder_2_state, decoder_state; 
 
/* Intel ADPCM step variation table */ 
static word8 indexTable[16] = 
{ 
    - 1, - 1, - 1, - 1, 2, 4, 6, 8, - 1, - 1, - 1, - 1, 2, 4, 6, 8, 
}; 
 
static word16 stepsizeTable[89] = 
{ 
7, 8, 9, 10, 11, 12, 13, 14, 16, 17, 19, 21, 23, 25, 28, 31, 34, 37, 41, 45, 50, 55, 60, 
66, 73, 80, 88, 97, 107, 118, 130, 143, 157, 173, 190, 209, 230, 253, 279, 307, 337, 
371, 408, 449, 494, 544, 598, 658, 724, 796, 876, 963, 1060, 1166, 1282, 1411, 1552, 
1707, 1878, 2066, 2272, 2499, 2749, 3024, 3327, 3660, 4026, 4428, 4871, 5358, 5894, 
6484, 7132, 7845, 8630, 9493, 10442, 11487, 12635, 13899, 15289, 16818, 18500, 20350, 
22385, 24623, 27086, 29794, 32767 
}; 
 
 
void adpcm_coder(word8 indata[], word8 outdata[], word16 len, struct adpcm_state* state) 
{ 
    word8       * inp; /* Input buffer pointer */ 
    word8       * outp; /* output buffer pointer */ 
    word16           val; /* Current input sample value */ 
    uword8      sign; /* Current adpcm sign bit */ 
    word16           delta; /* Current adpcm output value */ 
    word16           diff; /* Difference between val and valprev */ 
    word16           step; /* Stepsize */ 
    word32           valpred; /* Predicted output value */ 
    word16           vpdiff; /* Current change to valpred */ 
    word8           index; /* Current step change index */ 
    word8           outputbuffer; /* place to keep previous 4-bit value */ 
    word8           bufferstep; /* toggle between outputbuffer/output */ 
 
    outp = (word8*) outdata; 
    inp = (word8*) indata; 
 
    valpred = state->valprev; 
    index = state->index; 
    step = stepsizeTable[index]; 
 
    bufferstep = 1; 
 
      //    for (; len > 0; len--) 
    //    while (len > 0) 
    while (1) 
    { 
      if (len <= 0) 
 break; 
 
        val = * inp++; 
 
        /* Step 1 - compute difference with previous value */ 
        diff = val - valpred; 
 
 //        sign = (diff < 0) ? 8: 0; 
 if (diff < 0) 
   { 
     sign = 8; 
   } 
 else 
   { 
     sign = 0; 
   } 
 
        if (sign) 
            diff = (- diff); 
 
        delta = 0; 
+@;
        vpdiff = (step >> 3); 
 
        if (diff >= step) 
        { 
            delta = 4; 
            diff -= step; 
            vpdiff += step; 
        } 
        step >>= 1; 
        if (diff >= step) 
        { 
            delta |= 2; 
            diff -= step; 
            vpdiff += step; 
        } 
        step >>= 1; 
        if (diff >= step) 
        { 
            delta |= 1; 
            vpdiff += step; 
        } 
 
        /* Step 3 - Update previous value */ 
        if (sign) 
            valpred -= vpdiff; 
        else 
            valpred += vpdiff; 
 
            /* Step 4 - Clamp previous value to 16 bits */ 
        if (valpred > 32767) 
            valpred = 32767; 
        else if (valpred < - 32768) 
            valpred = - 32768; 
 
            /* Step 5 - Assemble value, update index and step values */ 
        delta |= sign; 
 
        index += indexTable[delta]; 
        if (index < 0) 
            index = 0; 
        if (index > 88) 
            index = 88; 
        step = stepsizeTable[index]; 
 
        /* Step 6 - Output value */ 
        if (bufferstep) 
        { 
            outputbuffer = (delta << 4) & 0xf0; 
        } 
        else 
        { 
            * outp++ = (delta & 0x0f) | outputbuffer; 
        } 
        bufferstep = !bufferstep; 
 
 len--; 
    } 
 
    /* Output last step, if needed */ 
    if (!bufferstep) 
        * outp++ = outputbuffer; 
 
    state->valprev = (word16)valpred; 
    state->index = index; 
} 
 
void adpcm_decoder(word8 indata[], word8 outdata[], word16 len, struct adpcm_state* 
state) 
{ 
    word8 * inp; /* Input buffer pointer */ 
    word8       * outp; /* output buffer pointer */ 
    uword8 sign; /* Current adpcm sign bit */ 
    word16           delta; /* Current adpcm output value */ 
    word16           step; /* Stepsize */ 
+@?
    word32           valpred; /* Predicted value */ 
    word16           vpdiff; /* Current change to valpred */ 
    word8           index; /* Current step change index */ 
    word8           inputbuffer; /* place to keep next 4-bit value */ 
    word8           bufferstep; /* toggle between inputbuffer/input */ 
 
    outp = (word8*) outdata; 
    inp = (word8*) indata; 
 
    valpred = state->valprev; 
    index = state->index; 
    step = stepsizeTable[index]; 
 
    bufferstep = 0; 
 
    //    for (; len > 0; len--) 
    //while (len > 0) 
    while(1) 
    { 
      if (len <= 0) 
 break; 
 
        /* Step 1 - get the delta value */ 
        if (bufferstep) 
        { 
            delta = inputbuffer & 0xf; 
        } 
        else 
        { 
            inputbuffer = * inp++; 
            delta = (inputbuffer >> 4) & 0xf; 
        } 
        bufferstep = !bufferstep; 
 
        /* Step 2 - Find new index value (for later) */ 
        index += indexTable[delta]; 
        if (index < 0) 
            index = 0; 
        if (index > 88) 
            index = 88; 
 
            /* Step 3 - Separate sign and magnitude */ 
        sign = delta & 8; 
        delta = delta & 7; 
 
        /* Step 4 - Compute difference and new predicted value */ 
        /* 
        ** Computes 'vpdiff = (delta+0.5)*step/4', but see comment 
        ** in adpcm_coder. 
        */ 
        vpdiff = step >> 3; 
        if (delta & 4) 
            vpdiff += step; 
        if (delta & 2) 
            vpdiff += step >> 1; 
        if (delta & 1) 
            vpdiff += step >> 2; 
 
        if (sign) 
            valpred -= vpdiff; 
        else 
            valpred += vpdiff; 
 
            /* Step 5 - clamp output value */ 
        if (valpred > 32767) 
            valpred = 32767; 
        else if (valpred < - 32768) 
            valpred = - 32768; 
 
            /* Step 6 - Update step value */ 
        step = stepsizeTable[index]; 
 
        /* Step 7 - Output value */ 
        * outp++ = valpred; 
+@@
 
 len--; 
    } 
 
    state->valprev = valpred; 
    state->index = index; 
} 
 
void main(void) 
{ 
    word16 i, ErrorCount; 
 
    adpcm_coder(RefPCMdata, adpcmdata, DATASIZE, &coder_2_state); 
    adpcm_decoder(adpcmdata, pcmdata_2, DATASIZE, &decoder_state); 
 
      //    for (i = 0, ErrorCount = 0; i < DATASIZE; i++) 
    i = 0; 
    ErrorCount = 0; 
    //    while (i < DATASIZE) 
    while (1) 
      { 
 if (i >= DATASIZE) 
   break; 
 
 if (pcmdata_2[i] != RefPCMdata_2[i]) 
   { 
     ErrorCount++; 
   } 
 i++; 
      } 
 
    if (ErrorCount != 0) 
      { 
 __time = ErrorCount; 
      } 
    else 
      { 
 __time++; 
      } 
} 

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